We use time-of-flight neutron powder diffraction to examine static displacive disorder in three different pyrochlore 
Introduction
In many ABO 3 perovskites, the presence of a lone-pair active A cation such as Pb 2+ or Bi 3+ , is often key to the development of polar behavior as these ions prefer off-centered coordination polyhedra [1, 2] . In the pyrochlore [3] structure however, apart from a few exceptions, lone-pair active A cations do not necessarily lead to polar, distorted ground states. Instead, pyrochlore compounds with lone-pair active A cations frequently accommodate the offcentering through incoherent, local displacements. Vanderah, Levin, and Lufaso [4] have recently demonstrated that the A 2 O 0 sublattice of the pyrochlore can tolerate a large degree of substitutional as well as displacive disorder on the A-cation site. Indeed for certain pyrochlore compositions, the phase becomes stable only when such substitutional disorder is present on the A-site [4] . Local static disorder, rather than coherent distortions of the structure can be advantageous in device applications where structural phase transitions are contraindicated. A good example of this is the system (Bi 1.5 remains paraelectric down to the lowest temperature [5] [6] [7] . Interestingly, the attractive properties of this materials are retained in thin films [8] [9] [10] [11] . Levin et al. [12] have carried out a careful neutron structural investigation of BZN and have established that there is significant static displacement of the A and O 0 sites from the positions they would be expected to occupy in the ideal pyrochlore structure. This disorder is expected to be an important ingredient in the physics of BZN since the dielectric properties are believed to be closely associated with the A 2 O 0 network [13] . In this contribution, we examine the nature of static displacive static disorder in two pyrochlore oxides whose neutron structures have not previously been determined: (Bi 1 measured, so a careful examination of the structure permits the measured displacive disorder in these three compounds to be related to their dielectric behavior.
Experimental
Powder samples of the three pyrochlores were prepared from oxides using the starting cation mole ratios Bi:Zn:(Nb/Ta/Sb) of 3:2:3 following standard ceramic techniques as described by Huiling and Xi. [14] Final sample heating temperatures were in the range of 1073-1273 K, and we find that thermal treatment for forming pure phases depends on the composition. Dense alumina crucibles were used to contain powders and pellets of the samples. Neutron data were collected on samples contained in vanadium cans at the neutron powder diffractometer (NPDF) [15] at the Lujan Center at Los Alamos National Laboratory.
Results and discussion
All three pyrochlore samples were phase pure as revealed both by laboratory powder X-ray diffraction, as well as time-of-flight powder neutron diffraction. Neutron powder diffraction data collected from the three samples were utilized to refine, using the Rietveld method as implemented in the GSAS code [16] , models based on the pyrochlore structure in the space group Fd3m (No. 227, origin choice 2) with the A and O 0 sites displaced from their ideal positions, as described by Levin et al. [12] for BZN. We use data from the structure refinements to plot in Fig. 4 (a) the reported dielectric constants separately against the displacements of the A and O 0 sites from their ideal positions. The dielectric constant for bulk samples at 1 Mhz are reported for (Bi 1.5 Zn 0.5 )(Nb 1.5 Zn 0.5 )O 6 O 0 to be 143, [5] and 150 [14] ; for (Bi 1.5 Zn 0.5 )(Ta 1.5 Zn 0.5 )O 6 O 0 , they are reported to be 67, [5] 76, [14] , and 71.4 [17] ; for (Bi 1.5 Zn 0.5 )(Sb 1.5 Zn 0.5 )O 6 O 0 the reported value is 32. [14] While there is some tendency for a trend, the large difference in the dielectric constants of BZN and BZT do not correspond to similar large differences in the displacements of the A and O 0 atoms from their ideal positions. A similar trend is noted when the dielectric constants are plotted against the thermal parameters on the different sites [ Fig. 4(b) ]. Except for the thermal parameters on the B site (Nb, Ta, or Sb) we are unable to recognize a clear correlation, apart from that large thermal parameters are associated with large dielectric constants at 1 MHz.
Two aspects of the structural summary require remark. The first is that d 0 cations Nb 5+ and Ta 5+ are expected to display a tendency to so-called second-order Jahn-Teller (SOJT) distortions, [18] and indeed, this tendency should be greater for Nb 5+ than for Ta 5+ . Sb 5+ , which has a filled d shell should display no such tendency. The trend of local The second aspect concerns the very large relative magnitude of the static displacements. The Lindemann criterion [19] is often invoked in relating the extent of dynamics in crystals, as manifest in thermal displacement parameters, to the melting point; melting is often found to occur when thermal displacements in a crystal reach a magnitude near 10% of typical bond distances. In this work, we find that static displacements in the pyrochlore structure are as large as 20% or more of typical bond lengths. Using the Lindemann criterion as a guide, one would not expect crystals with such large extents of disorder to remain stable, and the disorder could be suggestive of proximity to a phase transition. The observed fact that these pyrochlore structures remain cubic till the lowest temperature is curious, and is perhaps related to the intrinsic difficulty of distorting the cubic ice-like lattice of the pyrochlore structure in a coherent fashion [20] . 
